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Abstract
In this work, thin films of metal alloys (Co-Mo) have been electrodeposited onto silicon (Si) surface. The effects of two different
additives (H3BO3 and Na2CO3) and the pH of the solution on the electrochemically deposited films (morphology,
stochiometry…) have been investigated. The properties of the deposits were characterized by using X-Rays Diffraction (XRD),
Scanning Electron Microscopy (SEM) and Energy Dispersive X-ray Spectroscopy (EDS). The results show that the morphology
and the film composition depend on both the pH of the solution and the additives. The presence of boric acid favors the Mo
deposition.  Crack-free homogeneous deposits with a low percentage of molybdenum can be easily obtained from high pH bath.
The deposits were shown to exhibits a good crystalline structure.
Keywords: Electrodeposition, Mmetal alloys, X-rays diffraction, and pH solution
1. Introduction
The preparation of metal alloys containing molybdenum has received a great interest because of their magnetic
and catalytic properties [1-6], their resistance to corrosion and wear of the films [7-10] and to their potential
applications in industry, mainly in microelectromechanical systems [11-13]. It has been demonstrated that
molybdenum incorporation in Cobalt coatings led to a soft magnetic response [14-15].
The magnetic properties of electrodeposited CoMo alloy were dictated by the composition of the deposits,
which in turn, were determined by electrolyte composition and the applied potential during electrodeposition.
Molybdenum cannot be deposited alone in aqueous solution; it is not fully reduced in aqueous solution in the
absence of an inductive metal (Co, Fe, and Ni).
Gomez et al [16] developed microstructures of soft magnetic Cobalt-Molybdenum alloy by electrodeposition on
seed layer/silicon substrates.
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Munford and al [17] have demonstrated the feasibility of electrodeposition of high quality continuous Co films on n-
type Si (100) and different groups have already reported their electrochemical conditions for the deposition of metal
films on silicon substrates [18-20]. Gomez and all [21-22] have found that an acid sulphate-citrate medium was
capable of plating coherent Co-Mo films according to an induced process. In their study the best soft-magnetic
results were obtained for deposits with molybdenum percentages ~ 11%. Then to improve the properties of the
developed Co-Mo electrodeposits, a third alloying element was added by several research groups [23]. It is generally
found that electrodeposition on semiconductor starts from surface defects and the growth itself follows a Volmer-
Weber mode [24-27]. The structure and homogeneity of deposits strongly depend on the deposition conditions.
In this work, we investigated the effect of the additives, boric acid (H3BO3) and sodium carbonates (Na2CO3)
and the pH of the solution on the morphology, the structure and the stoechiometry of the deposits.
2. Experimental
All the electrodeposition experiments were performed at room temperature, using a stationary three
electrode cell with galvanostat-potentiostat (EG&G 263). The Co-Mo alloys were deposited directly onto a square
(5x5mm) piece of single-side polished phosphorus-doped n-W\SH6L ZDIHUVZLWKD UHVLVWLYLW\RIȍFP
Gallium-Indium eutectic mixture was used on the rear of the silicon to form ohmic contacts. A standard saturated
calomel electrode (SCE) was used as a reference electrode, all potentials of this work being given with respect to
this reference electrode. A platinum disk was used as the counter electrode. Potentiostatic depositions were
performed at cathodic potentials. The plating baths used in this work were: 1) 0.1M CoCl2, 0.001M
(NH4)6Mo7O244H2O, 0.2M H3BO3 and 2) 0.1M CoCl2, 0.001M (NH4)6Mo7O244H2O, 0.2M Na2CO3 at pH6.6. The
solutions were freshly prepared with deionized water and the electrochemical experiments were performed in the
dark. The surface morphology of the deposits was analyzed by means of Philips 505 and JEOL JSM-6360LV
Scanning Electron Microscope (SEM) and their elemental composition was determined by energy dispersive X-ray
spectroscopy (EDS). X-UD\GLIIUDFWLRQ;5'SDWWHUQVZHUHPHDVXUHGZLWK&X.ĮUDGLDWLRQ$XVLQJD3KLOLSV
X-pert pro diffractometer.
3. Results and discussions
 3. 1. Influence of the pH of the solution
Figure (1) shows the current density-voltage characteristics of n-Si in 0.1M CoCl2, 0.001M (NH4)6Mo7O244H2O,
0.2M H3BO3 at pH2 (curve (a)), pH=4.4 (curve (b)) and pH= 6.6 (curve (c)). Voltammetric experiments were
carried out at 50mV/s. Only one cycle was run in each voltammetric experiment. Prior to the study of alloy
deposition, the voltammetric response of a blank solution, containing H3BO3 at pH=6.6, was recorded (Fig. 2). We
observe only low values of current thus, this figure shows information on, respectively, hydrogen evolution
(-0.64V), oxygen evolution (+0.6V).
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Fig.1: Current density-voltage characteristics for n-Si (111): in 0.1M CoCl2, 0.001M
(NH4)6Mo7O244H2O, 0.2M H3BO3, a) at pH2, b) at pH4.4, c) at pH6.6.
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The curve (a) of Fig.1 shows that at constant potential, the reduction current density of Co-Mo is less important
for pH=2 than pH4.4 and pH 6.6 (curves (b) and (c), respectively).  Moreover, when the scan was reversed, we have
observed that the current oxidation peak of deposit in bath1 at pH 6.6 is more significant and shifted toward positive
potentials compared to that observed for pH4.4 and pH2.
The results clearly indicate that the pH of the bath greatly enhances alloy oxidation. This feature suggests
that deposition of CoMo would change somewhat with the variation of pH in the bath [28]. Moderate deposition
potentials or current densities were selected because low deposition potentials favor only the formation of
molybdenum oxides, whereas very negative deposition potentials induce hydrogen evolution [28, 29].
SEM observation of Si sample polarized at -1.4V for 5min in the bath1, pH= 4.4 (Fig. 3.a) shows a uniform and
oriented shape of deposits. The composition of molybdenum, cobalt and oxygen, determined by EDS, are found
about 34%, 30% and 30%, respectively. However, in a solution with a pH=6.6, the polarization of the Si sample at -
1.25V for 5min, gives a porous deposit (Fig. 3. b). The amount of Mo, Co and O in the deposit is found of about 8%,
60% and 16%, respectively.
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Fig.2: Current-voltage characteristics for n-Si (111) in
 blank solution (0.2M H3BO3 with pH 6.6).S=0.25 cm2
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Fig.3:  SEM micrographs of CoMo deposit obtained, potentiostatically:
a) pH4.4 at -1.4V for 5min, b) pH6.6 at -1.25V for 5min
and c) pH2.2 at -1.5V for 2min. S=0.25 cm2
104  Z. Fekih et al. / Physics Procedia 21 (2011) 101 – 107
However, the polarization of Si sample at -1.5 V for 2 min at more acidic bath (pH=2), the deposited films were
uniform but cracked (fig. 3. c). The quantity of deposited Molybdenum is more significant (43%), which led to a
detachment of the deposited film [29]. The amounts of Cobalt and Oxygen are found about, 12 % and 32%,
respectively Thick CoMo deposits showed incipient cracks and slight detachment from the substrate. The
detachment of deposit was attributed to the stress. In order to minimise the stress observed for CoMo deposits we
have introduced 0.05gl-1 saccharin into the bath. The result shows that no appreciable effect was observed for CoMo
deposition as revealed by several authors [21-22].
3. 2. Influence of the bath composition
Two additives were added to the deposition solution. The first solution (bath1) contains boric acid (H3BO3) and
the second one (bath2) contains the sodium carbonates (Na2CO3). The pH was adjusted to 6.6. Figure (4. a) shows
the J-V voltamograms of n-Si in the two solutions. In the bath containing boric acid (curve A), the deposition of
CoMo began at more negative potentials than in the bath containing sodium carbonates (curve B). Moreover, it is
seen that, the cathodic current density is higher in the presence of Na2CO3 compared with that observed in presence
of H3BO3, this is clearer on the figure (4. b) which represents the zoom of the cathodic part of the figure (4. a).
Several have attributed the increase in cathodic current density in presence of sodium carbonates to the reduction of
Mo oxide formed [16, 33].
Morphological, and compositional analysis of the deposits obtained with the two kinds of additives was carried
out. Figure (5. a) shows the SEM micrographs of CoMo deposited on n-Si obtained from the bath containing
Na2CO3, where a formation of amas is observed. Whereas, a porous film with H3BO3 (Fig.b) has been obtained. A
decrease in Mo concentration from 19% for H3BO3 to 6% for Na2CO3 was observed. However, we observed an
increase of Co concentration from 81% to 94% (At) for H3BO3 and Na2CO3 respectively. This indicates that the
presence of boric acid favors the Mo deposition. In addition, the percentage of molybdenum in the deposits that is a
function of both the solution composition and the deposition potential or current density can be increased by
increasing the molybdenum concentration in the solution or by applying more negative depositions current densities
in moderate range of potentials. The application of very negative values of the deposition potentials leads to a higher
molybdenum incorporation in agreement with to several works [28, 30, 31]
3. 3. Potentiostatic and galvanostatic transients
In order to obtain in-situ information of the prepared deposits, both potentiostatic and galvanostatic transients were
performed, since these methods have been proved to be highly useful for the characterization of electrodeposited
alloys [34, 35].
                                (a) (b)
Fig.4: a) Current density-voltage characteristics for n-Si (111) at pH= 6.6 in
(1) Bath1: 0.1M CoCl2, 0.001M (NH4)6Mo7O244H2O, 0.2M H3BO3.
(2) Bath2: 0.1M CoCl2, 0.001M (NH4)6Mo7O244H2O, 0.2M Na2CO3.
b) Zoom of cathodic part of a).
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Figure 6 (a and b) shows a potentiostatic and galvanostatic transient curves obtained for the solution
containing H3BO3 at pH= 6.6. When the CoMo alloy was deposited at low current density we observe a potential
increase which attained a quasistationary value for deposition times higher than 35s, Fig. 6.a., the variation of
potential (becoming more negative) at constant current I and correspondingly increase of cathode current up to
steady value (at V=cte) indicates that the CoMo occurs and the thickness of the deposit increases rapidly to reach a
quasistationary value when the potential (or current) of the V-t or I-t becomes constant. The CoMo thickness can be
increased by applying a more value of current or potential. The CoMo thickness formed is about 3um.
Whereas, when the deposits were obtained at constant voltage, the (J-t) transient, witch represents a tool to study the
mechanism of nucleation [36] (Fig. 6. b), indicates a nucleation spike followed by an increase in the current which
reaches a   quasistationary value, it is the limiting current imposed by ions diffusion through the solution. The
fluctuation observed in both curves (a) and (b) of current or potential is probably due to simultaneous hydrogen
evolution.
1μm500n
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Fig.5: SEM micrographs of CoMo deposit obtained, potentiostatically,
for 5 min in bath (pH6.6) containing: a) Na2CO3 (V= -1.25V)
and b) H3BO3 (V= -1.25V).
Fig.6: a) I-t transient curve of n-Si (111) in bath 1 at pH= 6.6, at -1.25 V for 5min.
b) V-t transient curve of n-Si (111) in bath 1 at pH= 6.6, at -7.44 mA for 5min.
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3. 4. XRD analysis
Structural analyses of CoMo films deposited for 5 min and 2min in the bath1 were performed using XRD, Fig.7.
The diffractograms showed narrow peaks, revealing the crystalline nature of the deposits. For the deposit obtained
for 2min, two principal peaks can be observed at 41.69° and 47.19°, which correspond to a hexagonal structure
(hcp), and to (100) direction and (101), respectively. For the deposit obtained for 5min, it can be seen several peaks,
where the main one corresponds also to (hcp) structure and to (100) orientation at 41.69°, this peak is more intense
than that observed for 2min. The other peaks correspond to the same structure and to (002) direction at 44.47°, (101)
at 47.19° and the last one corresponds to (110) orientation at 75.55°.
7KHFU\VWDOOLQHJUDLQVL]HVRIGHSRVLWVZHUHFDOFXODWHGE\PHDQVRIWKH6FKHUUHU¶VIRUPXODWLRQ>@XVLQJ
the (100) diffraction peak for the film formed at -1.25V for 5min:
' .ȜȕFRVș                                                     (1)
:KHUH'QPLVWKHVL]HRISDUWLFOHV.LVWKHVKDSHIDFWRURIDYDOXHȜLVWKHZDYHOHQJWKRIWKHLQFLGHQW;-ray
IRU&X.ĮȜ QPȕLVWKHKDOIZLGWKRIWKHGLIIUDFWLRQOLQHLQUDGLDQDQGșLVWKH%UDJJDQJOHRIGLIIUDFWLRQ
peak. The average grain size of the film estimated from the relation is about 30 nm.
4. Conclusion
Thin films of metal alloys (Co-Mo) have been electrodeposited on silicon (Si) surface. It was found that
metal alloy deposition depends on the pH of the bath, which affects the composition of the final deposit. The
presence of boric acid favors the Mo deposition. In addition, it has been shown that the percentage of Mo increases
with the decrease of pH, on the contrary, the percentage of Co decreases with the decrease of pH. X-ray diffraction
confirms the deposition of the CoMo alloy on silicon substrate. The deposits were shown to exhibits a good
crystalline structure.
Finally, the electrodeposition was shown as an efficient method to obtain a homogeneous deposit of the Co-Mo
alloy on Si.
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Fig.7: X-ray diffractograms of Co-Mo samples obtained from bath1 at pH 6.6 and for
2min (in dot) and 5min (in solid line).V=-1.25V
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